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Abstract. The study aimed to describe how a team of final-year pre-
service teachers followed the process of improvisation to develop and
utilise improvised science-teaching models during a teaching practicum
experience. Guided by a conceptual understanding of the process of
improvisation, this purposeful qualitative case study sought to respond
to a series of research questions. These research questions are: “What are
the issues that necessitate the need to develop science-teaching models
for a teaching practicum experience?”, “How could the process of
improvisation enable Natural Science pre-service teachers to develop
improvised science-teaching models for a teaching practicum
experience?” and “To what extent do the Natural Science pre-service
teachers utilise the improvised science-teaching models in their teaching
practicum?” Data collection methods such as spontaneous free-response
e-mail communications, a focus-group discussion, and the use of photo-
voice methodology yielded rich empirical data. The findings revealed
how the Natural Science pre-service teachers ultimately engaged with the
improvisation principles to develop improvised science-teaching models
from low-cost and recycled materials. The paper further describes how
the improvised science-teaching models were introduced in the pre-
service teachers” Natural Science lesson delivery as part of a model-based
teaching approach. Findings from the study suggest that initial teacher
education programs render environmental and contextual consciousness
in shaping pre-service teachers for the diverse schooling contexts. The
study further suggests that initial teacher education programs be
intentional towards structuring module course material to make the skill
of improvisation accessible to pre-service teachers as part of their teacher
development.
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1. Introduction and background to study

Natural Science is informed by knowledge areas that deal with life and living,
matter and materials, energy and change, and earth and beyond. These topics
stem from various disciplines such as Biology, Chemistry, Physics, and Earth and
Space sciences (DBE, 2011). With these topics in mind, a key attribute towards a
quality Natural Science teaching experience is the ability of a Natural Science
educator to convey what Shulman (1987) decades ago referred to as sound
pedagogical content knowledge for scientific inquiry. The latter is regarded as a
specific instantiation of pedagogical content knowledge fit to the teaching of
Natural Science as a middle-school subject (Peel et al., 2019). This particular form
of pedagogical content knowledge includes a combination of science-specific
content knowledge, educational knowledge, and teaching methodology that
science educators should be equipped with to facilitate learners” comprehension
of scientific phenomena (DHET, 2015; Pareek, 2019).

With this attribute in mind, the expectation is that Natural Science pre-service
teachers in development master the skill to teach Natural Science in an innovative,
inclusive and practical manner (Stears & James, 2011). In the context of initial
teacher education, one such way to develop this skill is through enabling pre-
service teachers to utilise a model-based teaching approach as part of their lesson
design and delivery (Peel et al., 2019). Over the past couple of decades, using a
model-based teaching approach has been increasingly recognised among the
science education community (Black, 1962; Perkins, 1986; Gobert & Buckley, 2000;
Ingham & Gilbert, 1991; Peel et al., 2019). Some claim that the idea of model-based
learning takes centre stage in K-12 science education (Bryce et al., 2016).

According to Harlow (2010) and Seel (2017), a model-based teaching approach is
understood as a teaching approach that brings together a teacher’s subject content
knowledge and teaching methodology. It compliments it with the aid of
explanatory models to assist learners in visualising an idea, system or process. In
other words, by following a model-based teaching approach, learners would be
able to link an abstract concept and a real-life situation. One such example
includes utilising a DNA double helix model to explain the characteristics of the
DNA structure. Another example could be a model that displays the atomic
structure of particles, hence representing the atom. In other words, a model serves
as a simplified representation of a system, which details critical aspects of the
system (Peel et al., 2019; Ingham & Gilbert, 1991). Thus, the understanding is that
a model-based teaching approach promotes visualisation in learners (Damelin et
al., 2017). The invisible (for instance, the atomic structure of the DNA double helix
structure) becomes visible through physical representation.

For this reason, the expectation is that pre-service teachers follow a model-based
teaching approach towards their teaching practicum since it would allow for a
more informed explanation of abstract biological, physical, and chemical
phenomena (Taber, 2017). This aligns well with the view of Pareek (2019) when it
is suggested that the utilisation of a model-based teaching approach allows for an
enjoyable “hands-on” and “minds-on” learning experience. Simply put, using
model-based teaching lends credence and reality to the abstract concepts and
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terminology of science education (Okori & Jerry, 2017) and translates into a
learning experience that fosters learners” ability to engage in scientific reasoning
(Dare et al., 2019). Other researchers remind us that a model-based teaching
approach in the science classroom stimulates learners” general interest in the
subject of Natural Science (Tsybulsky, Dodick & Cambhi, 2018).

Unfortunately, given the benefits towards the use of a model-based teaching
approach in the context of science education, several factors seem to restrict
middle-school Natural Science educators from using models in their lesson design
and delivery (Akuma & Callaghan, 2016; Harlow, 2010; Okori & Jerry, 2017;
Philip, 2019; Singh & Singh, 2012). In a South African teaching context, it has been
reported that although the South African Department of Basic Education
galvanised efforts and resources towards improving the quality of Natural
Science education (Munje & Jita, 2020), some South African scholars reported on
a multitude of issues that hampers science educators’ ability to implement a
model-based teaching approach in their teaching (Mtsi & Maphosa, 2016; Mupira
& Ramnarain, 2018; Mzuza & Van der Westhuizen, 2019; Ramnarain, 2020).

A study by Mzuza and Van der Westhuizen (2019) found that in the Northern
Cape province, which is the largest and most sparsely populated province of
South Africa, many schools in rural and disadvantaged areas were plagued with
Science classrooms. These classrooms were not well-equipped with the deemed
Natural Science teaching models. This echoes the view of local scholars such as
Du Plessis and Mestry (2019), who claim that ill-resourced Science classrooms
characterise a significant number of South African schools in rural and
disadvantaged areas. In addition, studies by Mabasa and Singh (2020) and Mupira
and Ramnarain (2018) shed light on the outdated science-teaching models that are
not aligned to the current national school curriculum, also referred to as the
Curriculum and Policy Statement document.

This particular issue, which is associated with the lack of science-teaching models
in selected middle-schools, harms the ability of pre-service teachers to
demonstrate their competence in pursuing a model-based teaching approach
during practicum teaching opportunities. Given the reality of ill-resourced
Science classrooms in selected schools in the Northern Cape province, national
scholars (Fleischmann & Van der Westhuizen, 2017; Mupira & Ramnarain, 2018;
Nkambule & Mukeredzi, 2017) and international scholars (Aadland, Espeland &
Arnesen, 2017) call on teacher development programmes to be intentional in
developing pre-service teachers’ capability to develop and utilise improvised
teaching models as a means to complement their model-based teaching approach
during teaching practicum opportunities.

Given the preceding argument, which described various issues associated with
the unavailability of science-teaching models, this study sought to document how
the process of improvisation enabled a team of final-year Natural Science pre-
service teachers to develop and utilise improvised science-teaching models for a
teaching practicum experience. Guided by a conceptual understanding of the
process of improvisation, this purposeful qualitative case study responds to a
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series of research questions. These research questions are: “What are the issues
that necessitate the need to develop science-teaching models for a teaching
practicum experience?”, “How could the process of improvisation enable Natural
Science pre-service teachers to develop improvised science-teaching models for a
teaching practicum experience?” and “To what extend do the Natural Science pre-
service teachers utilise the improvised science-teaching models in their teaching
practicum?”

A response to these research questions will clarify the pre-service teachers” ability
to strategise ways to develop teaching models, thus displaying the skill of
improvisation, which scholars such as Aadland, Espeland and Arnesen (2017) and
Ramnarain (2020) regard as a professional teaching skill. Consequently, their
development of the skill to improvise the design of science-teaching models
would positively impact their quality of teaching and allow learners to enjoy the
benefits of a more engaging and joyful science learning experience.

2. Problem Statement

This study was conducted in a School of Education at an institution of higher
education in South Africa. The study involved seven final-year pre-service
teachers specialising in teaching the subject Natural Science in the intermediate
phase, also commonly referred to as “middle-school” teaching. As part of their
teacher development, the pre-service teachers were placed in schools in the city
where the university is located for four weeks to perform practicum teaching.

During this time, the pre-service teachers expected to prepare and present lessons
that would allow a meaningful science teaching experience. This included the pre-
service teachers using a model-based science teaching approach that would elicit
a “hands-on” and “minds-on” learning experience, thus enabling learners to make
meaning of abstract science concepts. However, upon the pre-service teachers’
arrival at the schools where they had been placed to perform their practicum
teaching, the pre-service teachers realised that the science classrooms were ill-
resourced with little to no relevant science teaching models to use in their science
teaching.

Their frustrations with a lack of science-teaching models at their disposal were
communicated with their module lecturer, who also served as the Researcher and
author of this article. The realisation of the lack of science teaching materials
available to pre-service teachers during a practicum teaching experience
prompted my interest in conducting this study. This study sought to describe how
a team of final-year pre-service teachers followed the process of improvisation to
develop and use improvised science-teaching models during a teaching
practicum experience.

3. Conceptualising the process of improvisation in the context of initial
teacher education

The common understanding is that social challenges require systematic solutions

grounded in contextual and personalised expertise (Harlow, 2010; Ozuah, 2019).

In other words, through acknowledging the contextual expertise that individuals
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have to offer, the process of improvisation seeks to create a solution that speaks
to them individually identified needs of others. To contextualise, this study
responds to a team of final-year Natural Science pre-service teachers’ need to
develop science-teaching models that would complement their Natural Science
teaching during teaching practicum opportunities.

Traditionally, the process of improvisation was recognised as a complex problem-
solving process in performing arts, drama, and music education (Barbara & Sam,
1957; Borko & Livingston, 1989; De Bruin, 2019; Erickson, 1982; Sawyer, 2004;
Yinger, 1987). However, more recently, the field of teacher education also adopted
the approach, with researchers describing how the experimental and open nature
of improvisation is considered helpful in dealing with teaching and learning-
related matters (Hickey, 2015; Sawyer, 2011). To be specific, studies by Aadland,
Espeland and Arnesen (2017) and Okori and Jerry (2017) described how the
process of improvisation assisted educators to structure teaching models from
low-cost and recyclable materials.

Improvised teaching and learning models serve as low-cost goods developed
from materials such as plastics, cardboard and tin cans, to name but a few (Akuma
& Callaghan, 2016; Holdhus et al., 2016). Yeboah, Abonyi and Luguterah (2019)
share a similar understanding of improvised teaching and learning models. They
refer to them as teaching models created from local and readily available
resources due to the unavailability of original teaching models. For educational
purposes, teaching models are considered highly effective towards promoting a
quality educational experience (Holdhus et al., 2016).

At its core, the process of improvisation is informed by three overlapping
principles. These include the principles of inspiration, ideation and
implementation. These principles ultimately manifest in the process of
improvisation (Eze, 2018; Ponzio et al., 2018). As a starting point, the principle of
inspiration serves as a space that allows for identifying and clarifying individually
identified needs and the drive towards the search for a solution (Philip, 2019).
Thus, the understanding is that the principle of inspiration allows one to
understand the extent to which the need impacts the professional capability of
others. Information related to the principle of inspiration can be obtained through
focus-group discussions, interviews, and surveying. However, obtaining an in-
depth understanding of the need of others requires one to form part of the reality
of others (Philip, 2019). This approach allows for a first-hand and personalised
“observed” experience (Wrigley & Stalker, 2017). Simply put, the principle of
inspiration is considered a product that derives from the individual needs of
others.

The process of improvisation further draws on the principle of “ideation”. As the
second core principle, ideation enables individuals to distil ideas into insights that
could serve as potential strategies to the needs identified (Aadland, Espeland &
Arnesen, 2017). This free flow of ideas and information sharing can also be
referred to as divergent thinking. Everyday activities used to capture the principle
of ideation includes focus-group discussions, brainstorming sessions and visual
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representations of ideas. In this study, the principle of ideation was put into
motion when the team of final-year pre-service teachers strategised ways to
develop science-teaching models from low-cost or recycled goods. This approach
was followed to respond to the lack of teaching models available to them during
their teaching practicum duties.

The third and final principle that informs the process of improvisation is
prototyping and implementation (Eze, 2018). The principle enables an individual
to implement the strategy in an authentic “real-world” context. Prototyping is
seen as a process where the strategy that stems from the principle of ideation is
tested and re-tested to uncover unforeseen challenges that could negatively
impact the strategy’s effectiveness (Wrigley & Stalker, 2017). Once the strategy
has been re-defined, and the necessary adjustments were made to improve the
strategy, implementation can occur. The impact and effectiveness of the strategy
can be verified through various means such as focus-group discussions,
interviews, observations, reflective entries and surveying.

4. Research approach and methodology

The study followed a purposeful qualitative case study approach. The case
included seven final-year Natural Science pre-service teachers and their ability to
follow the process of improvisation to develop science-teaching models.
Permission was granted by the Postgraduate Research Ethics Committee of the
University of the Free State (Ethical clearance number - UFS-HSD2018/0073). As
the principal Researcher, one was tasked to ensure that all relevant role-players
involved in the study were consulted in advance (Creswell & Creswell, 2017).
Therefore, the Natural Science pre-service teachers were approached to give
consent to take part in the study. In addition, the team was also assured
confidentiality throughout the research process. It was also made clear that they
were allowed to withdraw from the study at any time. A consent form was signed
by each of the Natural Science pre-service teachers, which was archived for
record-keeping purposes.

The research site was situated in a School of Education at a South African
University. The School of Education offers a Bachelor of Education degree with
multiple areas of specialisation in the intermediate phase (grade 4 - 6 teaching),
senior phase (grade 7 - 9 teaching) and further education and training phase
(grade 10 - 12 teaching). For this particular study, the research participants
comprised seven final-year pre-service teachers specialising in the teaching of
Natural Science in the intermediate phase, also commonly referred to as “middle-
school” teaching.

The study aimed to describe how a team of final-year pre-service teachers
followed the process of improvisation to develop and utilise improvised science-
teaching models during a teaching practicum experience. In order to achieve this
aim, the study responded to three pertinent research questions. The use of
spontaneous free-response e-mail communications penned by the Natural Science
pre-service teachers shed light on the first research question of the study. The
question posed was to describe the issues that necessitate developing science-
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teaching models for a teaching practicum experience. A response to this research
question would allow the team to follow a creative approach towards strategising
ways to circumvent the issue associated with science-teaching models. The rich
qualitative data obtained from the free-response e-mail communications were
captured, thematically analysed and transcribed.

Additionally, establishing a focus-group discussion between the module lecturer
and the team of final-year pre-service teachers was vital in responding to the
study’s second research question. The second research question sought to
investigate how the process of improvisation could enable Natural Science pre-
service teachers to develop improvised science-teaching models for a teaching
practicum experience. The team'’s responses that stemmed from the focus-group
discussion were audio-recorded, analysed and transcribed. Besides the focus-
group discussion, the use of photo-voice methodology was also utilised to give
voice and expression to the improvised science models that the team created. The
use of photo-voice methodology further allowed for an in-depth exploration and
interpretation of the pre-service teachers” models developed from low-cost goods
and recycled materials.

In order to respond to the aspects of credibility, reliability and validity (Creswell
& Creswell, 2017), the data derived from the spontaneous e-mail communication,
focus-group discussion and photo-voice methodology were shared among the
pre-service teachers. This study determined whether the transcribed text and
captured photographs were a true reflection of their accounts.

5. Findings

The three research questions of the study yielded rich empirical data. Table 1
provides a synopsis of the themes and categories that emerged from the study as
a point of departure. These themes and categories are also aligned with the
research questions of the study. Thereafter, a more in-depth interpretation and
descriptive explanation of the themes will follow.

Table 1. Synopsis of the themes and categories.

Research questions Data collection | Themes Categories
technique
What are the issues | E-mail Confronting  the | - Lack of science-
that necessitate the | communication | challenge teaching  models
need to develop associated with the |  during teaching
science-teaching unavailability ~ of | practicums;
models for a teaching science-teaching - Lack of model-
practicum models based teaching;
experience? - Pre-service teacher

frustrations with
practical teaching.

How  could  the | Focus-group Realising the need | - Pre-service teacher
process of | discussion to develop | determination;

improvisation enable improvised science- | - Envisioning a
Natural Science pre- teaching models meaningful Natural
service teachers to Science (NS)
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develop improvised
science-teaching
models for a teaching
practicum
experience?

teaching and
learning experience.

Photo-voice
methodology

The development
of improvised
science-teaching
models

Science models
designed from low-
cost materials;

Science models
designed from
recycled goods;

Creativity and

innovation.

To what extent do the
Natural Science pre-
service teachers
utilise the improvised

Photo-voice
methodology

The
implementation of
improvised science-
teaching models

Model-based
teaching in action;
Inquiry-based
learning.

science-teaching
models  in  their
teaching practicum?

Responding to research question 1:

The first research question sought to describe the issues that necessitate
developing science-teaching models for a teaching practicum experience. With
this research question in mind, the Natural Science pre-service teachers’ responses
pointed to a predominant theme, namely “the unavailability of science-teaching
models”. Categories such as “lack of science-teaching models during teaching
practicums”, “lack of a model-based teaching approach”, and “pre-service teacher
frustrations with practical teaching” informed the challenge associated with the
unavailability of science-teaching models. Theme 1 is described next.

Theme 1: Confronting the challenge associated with the unavailability of
science-teaching models (Responding to the principle of inspiration)
The first principle that informs the process of improvisation is referred to as
inspiration. The principle of inspiration enables one to clarify individually
identified needs and is considered a driver towards searching for a solution. In
other words, it allows individuals to be creative towards strategising ways to
circumvent existing issues that might exist. This step was also crucial to
responding to the first research question of the study. In this study, the principle
of inspiration surfaced when the pre-service teachers voiced their concerns
regarding the unavailability of science-teaching models during teaching
practicum opportunities. This can be confirmed in spontaneous e-mail
communication penned by a pre-service teacher and communicated to the module
lecturer, who also served as the study researcher.

“Good day, Sir

Sir, the crits [lesson observation procedures] are next week. I'm already worried

because the class does not have any models for us to use. I mean I plan my NS

[Natural Science] lesson the day before just to find out that no models are available.

We are then forced to stick to the textbook because there is nothing that we can use

to show them [learners] how the plant cell really looks. Aren’t there any way to deal

with this?”

Participant 7; spontaneous e-mail
response
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The subjective response provided by the pre-service teacher delivers multiple
meanings. In short, the response sheds light on the lack of science-teaching models
available to the pre-service teachers’ during teaching practice duties. This can be
confirmed by the pre-service teacher when it was mentioned that “I mean I plan
my NS [Natural Science] lesson the day before just to find out that no models are
available”. Furthermore, given the pre-service teacher’s intention to utilise a
model-based teaching approach, the unavailability of science-teaching models
negatively affects their ability to practice a model-based teaching approach, as the
pre-service teacher declared that “there is nothing that we can use to show them
[learners] how the plant cell really looks.” The pre-service teacher’s cry for help
in terms of circumventing the issue was also made clear when the pre-service
teacher posed the question “Aren’t there any way to deal with this?”. Therefore,
the assumption is that “something has to be done” to address the challenge
associated with a lack of science-teaching models.
The severity of the challenge was further reiterated in another e-mail response
that was communicated to the module lecturer.

“Hi Sir,

I was at your office but you were not in. Can I come see you tomorrow after school?

I'm a bit lost and need help with teaching aids [models]. I will be on campus around

3 [15:00] to hopefully fetch some equipment for my lesson this coming week.”

Participant 5, spontaneous e-mail response

The e-mail response provided by the pre-service teachers again reiterates the
complications surrounding the lack of teaching models available to the pre-
service teachers during teaching practicum duties. In this particular response
provided, one picks up a sense of urgency and desperation in the pre-service
teachers’ voice. This can be confirmed by the phrases “I was at your office, but
you were not in”, “Can I come see you” and “I'm a bit lost and need help”. In
addition, the phrase “fetch some equipment for my lesson this coming week”
points to the pre-service teacher’s intention to use teaching models to aid a model-
based teaching approach for a particular Natural Science lesson.

Responding to research question 2:

The second research question sought to describe how the process of improvisation
can enable the Natural Science pre-service teachers to develop improvised
science-teaching models for a teaching practicum experience. With this research
question in mind, a focus group discussion with the team of pre-service teachers
allowed for the formulation of the theme “realising the need to develop
improvised science-teaching models”. Categories that supported this theme
included “pre-service teacher determination” and “envisioning a meaningful NS
teaching and learning experience”. Theme 2 is described next.

Theme 2: Realising the need to develop improvised science-teaching models
(Responding to the principle of inspiration cont.)

To this end, the issue associated with the lack of science-teaching models was
clarified based upon the spontaneous e-mail communications communicated to
the module lecturer, who also served as the Researcher. Given this clarification,
the module lecturer decided to establish a focus-group discussion to circumvent
the issue identified, therefore responding to the study’s second research question.
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The focus group discussion took place during the initial stages of the pre-service
teachers” school visitation practical teaching process. During the focus group
discussion with the team of Natural Science pre-service teachers, the Researcher
asked, “What can be done to overcome the issue associated with the lack of
science-teaching models?” With this question posed, one of the pre-service
teachers had the following to say:

“Guys it’s a fact, most of us struggled with no equipment [science-teaching models].

Well, maybe we can try and make some of these things [science-teaching models]

ourselves, you know. We can just look around for stuff to use and just do. It can

just be basic or whatever, but at least the kids will see [observe]. That will also help

us to not only use textbook teaching the whole time.”

Participant 3, free-attitude verbal response

This response provided declares a pre-service teacher’s urge to follow the process
of improvisation to develop their science-teaching models. This statement can be
supported by the phrases “look around for stuff to use and just do it”. In addition,
the phrase “It can just be basic, or whatever” points to the pre-service teacher’s
intention to develop science-teaching models from readily available materials,
which in this case are recycled and low-cost goods. The phrases “will also help us
to not only use textbook teaching the whole time” and “at least the kids will see”
are indicative of a typical model-based teaching approach which would be helpful
towards deepening and promoting the learners’ understanding of complex
science topics in the Natural Science classroom. Both these phrases suggest that
the pre-service teacher wishes to establish a teaching environment that would
explain science-related topics more simplistically, thus promoting a quality
science learning experience.

The use of photo-voice methodology further shed light on how the process of
improvisation enabled the Natural Science pre-service teachers to develop
improvised science-teaching models for a teaching practicum experience. An
analysis of a series of photographs taken allowed for the formulation of the theme
titled “physical development of improvised science-teaching models”. Categories
that supported this theme included “science models designed from low-cost

materials”, “science models designed from recycled goods”, and “creativity and
innovation”. Theme 3 is described next.

Theme 3: The development of improvised science-teaching models
(Responding to the principle of ideation)

The second principle that informs the process of improvisation is ideation. The
principle of ideation enables individuals to distil their ideas into insights that
could serve as potential strategies to respond to the challenges identified. Given
the challenge associated with the lack of teaching models, the team of pre-service
teachers set out to put their creative ideas into motion, thus staying true to the
true meaning of ideation.

What follows next is a showcase of some of the improvised science-teaching
models that the pre-service teachers developed from low-cost and recycled goods.
The models were photographed, and the nature of the models is briefly described
in figures 1 to 4 below.
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“The plant cell”

Model description

The model shown here provides a simple visual representation of the plant cell. The
model shows the different organelles that make up the plant cell. One further finds that
the model has an aesthetic appeal that would allow the Natural Science pre-service
teacher to communicate the different organelles of the plant cell to the learners. A closer
look at the model of the plant cell confirms its design made up of low-cost and recycled
materials such as a shoebox (representing the cell wall), condom (representing the
vacuole of a cell with a watery substance) and soap bars (representing the
mitochondria).

Figure 1. The plant cell as a science-teaching model.

“The DNA
structure”

Model description

The model shown here provides a basic yet visually appealing representation of the
DNA double helix structure. Although the different parts of the DNA double helix
structure are not clearly labelled, the learners could still distinguish the different
nucleotide structures (adenine pairing with thymine and cytosine pairing with
guanine) through colour matching (blue pairing with blue & pink pairing with pink).
For instance, the Natural Science pre-service teacher will demonstrate that the pink
marshmallow sweets represent a nucleotide pair comprising thymine and adenine. On
the other hand, the blue marshmallow sweets represent the other nucleotide pair
comprising guanine and cytosine. The Natural Science pre-service teacher will also
show the learners that the DNA structure is curved and spiral-shaped as the model
provides a three-dimensional representation of the DNA double helix structure. One
also finds that the model was designed from low-cost and recycled materials such as
carton and marshmallow sweets.

Figure 2. The DNA double helix as a science-teaching model.
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“The water cycle”

Model description

The model shown here provides a visual representation of the water cycle. The different stages
involved in the water cycle are indicated with relevant labelling and drawings. What makes
the model unique is the fact that the natural pre-service teacher could capture the water cycle
as part of a system of events. To be specific, a closer look at the model reveals the four main
stages (evaporation, condensation, precipitation and collection) that inform the water cycle.
Again the model was designed to form low-cost and recycled materials such as the shoebox
(portraying the earth and atmosphere respectively), leaves (representing trees), gravel and
sand (representing the crust of the earth).

Figure 3. The water cycle as a science-teaching model.

“Lung model”

Model description

The model shown here are representative of how the lung functions in terms of the processes
of inhalation and exhalation in breathing. In this instance, the pre-service teacher created a
lung model from recycled materials such as a plastic bottle, two straws, an elastic band and a
balloon.

Figure 4. The lung model as a science-teaching model.
Responding to research question 3:

The third research question sought to describe the extent to which the Natural
Science pre-service teachers utilise the improvised science-teaching models in
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their teaching practicum. Again the use of photo-voice methodology allowed for
the formulation of the theme titled “the implementation of improvised science-
teaching models”. Categories such as “model-based teaching in action” and
“evidence of inquiry-based learning” informed the theme. Theme 4 is described
next.

Theme 4: The implementation of improvised science-teaching models
(Responding to the principle of implementation)

The third and final principle that informs the process of improvisation is
implementation. For this study, the principle of implementation was seen as a
process whereby the developed science-teaching models were put to the test in an
authentic teaching space, thus responding to the third research question of the
study. This was done to determine whether the science-teaching models had any
significant impact on the quality of their model-based teaching.

In order to provide an account of this principle in action, the Researcher was able
to analyse, interpret, and describe how some pre-service teachers went about
using the improvised teaching models as part of their model-based teaching
approach during teaching practicum opportunities. What follows next is a
synopsis of two teaching scenarios that provides evidence of a model-based
teaching approach through the use of the photo-voice methodology.

Snapshot of teaching scenario A: Investigating how the respiratory system
functions through the use of a lung model

Observations made by the Researcher:

A closer look at this teaching scenario reveals how the Natural Science pre-service
teacher could use improvised science-teaching models in an authentic teaching
context. In this teaching scenario, the Natural Science pre-service teacher allowed
the learners to build lung models from recycled materials (plastic bag, plastic
bottle, straws, elastic band) to understand better how the respiratory system
functions. After the learners built their lung models from materials that the
Natural Science pre-service teacher provided, the learners showed how air is
pulled in and out of the lungs. The learners could demonstrate how the
diaphragm, as a thin skeletal muscle, contract and flattens when a person inhales,
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which results in air being pulled into the lungs. They demonstrated that when a
person exhales, the diaphragm relaxes, which forces air out of the lungs. The
assumption is that the learners were challenged to observe how the diaphragm
contracts and flattens by using the improvised lung model. The learners were
tasked to collect and analyse data related to how the heartbeat’s tempo impacted
breathing patterns, as witnessed on the chalkboard.

Snapshot of teaching scenario B: Exploring how light reflects off surfaces

v \ \ .
— - ‘
—

Observations made by the Researcher:

In this teaching scenario, the learners could investigate how a mirror alters how
light travels. The investigation allowed the learners to recognise that light travels
a straight line if reflected off a mirror. A closer look at the image shows that the
learners could track the light reflection by aligning it to the toothpicks pinned on
a sheet of paper pasted on cardboard. This allowed the learners to realise that light
travels straight line, explaining why shadows have the same shape as the objects
that cast them. Here, the light reflected off the mirror perfectly aligned with the
toothpicks pinned on a sheet of paper pasted on cardboard.

6. Discussion of findings

In the context of teacher education, the expectation is that pre-service teachers
specialising in the teaching of Natural Science education ought to develop the skill
to teach Natural Science subject matter creatively and practically (Aadland,
Espeland & Arnesen, 2017). One such teaching skill includes pre-service teachers
adopting a model-based teaching approach as part of their lesson design and
delivery (Peel et al., 2019). A common feature of a model-based teaching approach
includes pre-service teachers’ ability to infuse models as part of their teaching
delivery to ensure that learners make that critical link between abstract science
concepts and real-time visualisation (Nkambule & Mukeredzi, 2017). For this
reason, Dare et al. (2019) claim that a model-based teaching approach allows for a
more simplistic understanding of biological, physical and chemical phenomena.
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Unfortunately, given the learning benefits of using a model-based teaching
approach, it has been reported that middle-schools in the Northern Cape
province, which are situated in rural- and disadvantaged areas, are plagued with
ill-resourced science classrooms (Mzuza & Van der Westhuizen, 2019). This, as a
result, impacts negatively on the ability of science pre-service teachers to follow a
model-based teaching approach, since science models in these classrooms are
either non-existent, outdated, or irrelevant to the current Natural Science school
curriculum (Du Plessis & Mestry, 2019; Mabasa & Singh, 2020; Mtsi & Maphosa,
2016).

This paper was concerned with the issue associated with a lack of science-teaching
models available to final-year pre-service teachers during a teaching practicum
opportunity. The study aimed to describe how a team of final-year pre-service
teachers followed the process of improvisation to develop and utilise improvised
science-teaching models during a teaching practicum experience. The paper
explores how the process of improvisation that is characterised by the principles
of “inspiration”, “ideation”, and “implementation” enabled the pre-service
teachers to develop improvised science-teaching models from low-cost and
recycled goods. Moreover, this paper also described the extent to which the pre-
service teachers were able to utilise these improvised teaching models as part of
their model-based teaching.

Guided by a conceptual understanding of the process of improvisation, this paper
shares empirical evidence of how the pre-service teachers followed the principle
of inspiration, which is considered as the first step towards the process of
improvisation. The principle of inspiration serves as a space that allows for
identifying and clarifying individually identified needs and the drive towards the
search for a solution (Philip, 2019). In pursuit of the principle of inspiration, the
pre-service teachers in the first instance confronted the lack of teaching models in
selected schools where they were placed to perform their teaching practicum
duties. The issue was made clear in several spontaneous e-mail communications,
which included phrases such as “I am already worried because the class does not
have any models for us to use - Participant 5” and “I plan my NS [Natural Science]
lesson the day before just to find out that no models are available - Participant 3”
that was communicated to the module lecturer.

The confirmation of this particular challenge paved the way towards the
realisation that something had to be done to address the issue at hand. This critical
step towards searching for a solution serves as the final key feature of the principle
of inspiration (Aadland, Espeland & Arnesen, 2017). Phrases such as “ Aren’t there
any way to deal with this? - Participant 7” and “we can look around for stuff to
use and just do it ourselves - Participant 3” and “at least the kids will see -
Participant 3” are indicative of their intention to design their improvised teaching
models to support their model-based teaching. Moreover, the phrase “look
around for stuff to use and just do it ourselves” suggest that the teaching models
will be developed from low-cost materials such as plastics, cardboard, straws, tin
cans, to name but a few.
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Given the reality of ill-resourced science classrooms in selected South African
middle-schools (Mtsi & Maphosa, 2016; Mupira & Ramnarain, 2018) and the pre-
service teachers’ drive to develop their teaching models, it is not surprising that
South African educational policy documents such as the National Curriculum and
Policy Statement (DBE, 2011) call on both pre-and in-service Natural Science
teachers to acquire the skill of improvisation that would enable them to develop
teaching models that would complement their science-teaching. Ramnarain (2020)
takes it a step further by suggesting that the skill of improvisation should be
regarded as a key Natural Science teacher attribute, which implicates how initial
teacher education programmes develop pre-service teachers for the teaching
profession.

Furthermore, this paper provided evidence of how the pre-service teachers
adhered to the principle of ideation as the second principle that informs
improvisation. The principle of ideation enables individuals to distil ideas into
insights that could serve as potential strategies to circumvent the needs identified
(Aina, 2013; Aadland, Espeland & Arnesen, 2017). The pre-service teachers were
able to put their creative ideas and insights into motion through developing some
science-teaching models. Although primary and simplistic in design, these
models were showcased in figures 1 to 4 and represented the plant cell, the water
cycle, the DNA double helix structure, and the lung model. A closer look at these
models concurs with some researchers’ understanding of science-teaching models
when it is regarded as objects that promote the visualisation of complex science
phenomena (Dare et al., 2019). The pre-service teachers’ models allow the invisible
(the DNA structure and the plant cell) to become visible through representation
(Taber, 2017).

Finally, the paper provided evidence of how the pre-service teachers followed the
implementation principle, which is regarded as the final principle of the
improvisation process. The principle of improvisation enables the educator to
ultimately put their designs to the test in a real-life teaching context (Aina, 2013),
as witnessed in teaching scenarios A and B. The use of photo-voice methodology
provided substantial evidence of how a couple of pre-service teachers could
infuse the science-teaching models they created. To be specific, a closer look at
teaching scenario A points to aspects of a model-based teaching approach.

This approach was linked to the pre-service teacher’s ability to engage learners in
a learning experience that required them to demonstrate how the respiratory
system functions by using a lung model. Another example of a model-based
teaching approach surfaced when the learners were tasked to investigate how
light reflects off a mirror on a piece of cardboard, thus obtaining a more informed
understanding of the topic “refraction of light” (see teaching scenario B). These
basic examples of model-based teaching suggest that learners might have been
involved in cooperative and collaborative learning. Considering the evidence
provided that learners acquired knowledge from their fellow peers instead of
relying solely on the instructional delivery of knowledge from the pre-service
teacher (see teaching scenario A).
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7. Conclusion

The purpose of the study was to describe how a team of final-year pre-service
teachers followed the process of improvisation to develop and utilise improvised
science-teaching models during a teaching practicum experience. This was done
to promote the pre-service teachers’ quality of model-based teaching. The need
for this study arises from the challenge associated with the lack of science-
teaching models available to the pre-service teachers during school visitation
opportunities. The pre-service teachers’ ability to demonstrate improvisation
skills towards developing science-teaching models benefited their quality of
Natural Science teaching and impacted the learners” Natural Science learning
experience.

In turn, the use of improvised science-teaching models allowed learners to engage
in a learning experience that is more “hands-on” and exploratory. Such a learning
approach simplified the learners” understanding of Natural Science topics such as
plant cell anatomy and genetics and promoted their interest in these topics. As a
result, they could physically observe the different model structures (for instance,
the helix shape of the DNA molecule, nucleotide pairs that forms part of the DNA
structure and the different organelles that make up the plant cell).

This study holds a series of implications for future research in the field of Natural
Science teacher education. Given the reality of ill-resourced Science classrooms in
selected schools in the Northern Cape province (Mzuza & Van der Westhuizen,
2019), initial teacher education programmes should render environmental and
contextual consciousness through shaping pre-service teachers for the diverse
schooling contexts. Against this backdrop, initial teacher education programmes
should be intentional towards structuring module course material to make the
skill of improvisation accessible to pre-service teachers as part of their teacher
development.

Future research is needed on how improvisation could assist pre-service teachers’
model-based teaching in the different areas of specialisation such as Mathematics,
Geography and Technology education. In addition, future research could also
attempt to investigate what the pre-service teachers’ perspectives are towards
utilising improvised teaching models in the teaching and learning environment.
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